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АВ5ТЕАСТ 


When designing an active sonar homing torpedo, certain 
operational torpedo parameters such as speed, turn 
rate, etc. have to be decided upon. For a given 
homing torpedo, there must exist tactical guidelines 
of how to employ the torpedo, i.e. which firing 
position gives the best chance of a hit. This thesis 
attempts to gain some insight into the detection 
process during the torpedo run, as well as getting 


some indications of the relative importance of the 


different torpedo parameters and the tactical 
situations. А simulaticn model was used in order to 
generate the data base for analysis. The results 


stress the importance of a good firing position as 
well as show how it is possible to counter a bad 
firing position by a high speed torpedo. They also 
point to the importance of having oaly спе detection 


as requirement for target acquisition. 
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І. INTRODUCTION 


The following analysis examines the performance of a 
homing torpedo against a surface ship. A homing torpedo is 
described as a torpedo which is searching/snaking on each 
side of its main course. It is searching for a target by 
5۰.35607۲7 58 with its sonar and listning for an echo. kef: 
wg. 1. Passive searching torpeđoes and homing torpedoes 


going in circles are not investigated in this paper. 


The torpedo's performance is a function of many 
variables. These variables are divided into two groups; 

- technical variables; speed, max torpedo run, sweep 
angle, technical detection range, lobe characteristics 
and turn rate. 

касса variables ; firing range, attack angle, 
target speed, type of target and tactical detection 


range (sonar conditions). 


Чо attempt is made to analyze the first grcup of 
variables; instead, technical variables used are those of 
present technology. We are assuming a 'standard honming 
torpedo! based upon homing torpedoes in operational use 
today [61]. This ‘standard torpedo' assumes conventional 
warhead and active sonar transmission for detection., and is 


unguided. 
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HOMING TORPEDO 





The technical variables (torpedo parameters) are ir mary 
wayS interrelated. For example, the maximum detection range 
will determine the transmission rate, since the transmitted 
energy must have time to traverse out to maximum detection 
range and return as an echo before the next transmission, at 


least during the search phase. 


At the same time the torpedo is transmitting, it is 
searching (changing course) for a target. In each 
transmission, the transmitted energy is focused within a 
narrow beam(lobe). During reception, the echo is confined 
Within the Same narrow bean (lobe). Concurrently, in the 
time between two transmissions the turning rate of the 
torpedo must be limited to ensure that the receiving lcbe is 
not outside the direction from where an echo nay return. 
Thus turn rate should be a function of detection range and 


the lobe pattern. 


In order to maintain torpedo speed, the number of 
degrees of sweep on each side of the main course must be 
small. If the sweepangle is small, however, the width of 
the possible detection lane will be small as well, and 
consequently the detection probability might be reduced 
during transit. Also, a high torpedo speed creates a great 
change in torpedo position between each transmission. in 
this way the torpedo may scan outside a target in the sweep 
lane. In other words, the coverage density cf the lobe may 


be low as a result of the high movement rate. 


AS we recognize the relationship between toroedo 
parameters, tactical variables and torpedo performance, we 
Know that frequently within the naval establishment 
decisions have to be made with regard to torpedo parameters 
and tactical doctrines. In localizing and defining these 


relationships this analysis may be a tool in this 
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decisionprocess. 


The measure of effectiveness by which different 
alternatives will be judged will be detection probability, 
by which is meant the probability that the torpedo's active 
sonar detects and begins to track the target. This 
probability will be measured by a digital computer 
Simulaticn, construction of which was a major part of the 


author's effcrt in writing this thesis. 





A: DEFINITIONS 


Lobe width is the number Of degrees from the 
centerheading or the torpedo, until the first minimum in 


transmission intensity is reached. See Fig. 4. 


Detection range is the range to the target when 


МЕС tion Mirst OCCUIS. 


Technical detection range is the max detection range 
which is technically and reasonably possible considering 
power transmitted and lobewidth. It is the basis for 


determining the transmission rate. 


Aspect is the angle measured from the positive direction 
of the longitudinal axis of the target to a line joining the 


сепсеге GE gravity of the target and the torpedo. 


Attack angle is the aspect at the start of the torpedo 


pun. 
Sweep angle is the maximum number of degrees the tcrpedo 


will turn off the main course during search. 


All dimensions are in meter, second, meter per second, 
degree, degree per second. Speed of the target and the 


torpedo are, however, always given in knots. 
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It is assumed that all firings are successful, and the 
torpedo will not deviate from its ordered/calculated course 


and speed. 


All firings are made with a deflection angle; i.e. the 
torpedo is given a course to a predicted hitting point with 


the target. 


В. ASSUMPTIONS 


Not only in order to keep the problem tractable, but 
also because of modern torpedo development, only surface 
targets are considered. Previously within NATO, torpedo 
developments seemed to start as a development of an 
anti-submarine torpedo with later modifications in order to 
make the torpedo dual purpose. However, today there are 
some indications that the anti-surface ship reguirement is 
coming into the development early in the planning process 
[7;8;9]. The entire problem is then kept in two dimensions. 
The vertical axis is not significant as we assume 
isovelocity condition, and we assume for Simplicity that we 
have negligible surface effect. 

Also, if the intensity of the echo is above detection 
threshold level, the target is detected with probability 


one. Probability of false contact is assumed to be zero. 


The main purpose of a homing torpedo is to counter 
uncertainty in target data at firing and target maneuvering 


after firing. 


Ғог simplicity the following assumptions are made: 
- the target remains on a steady course after firing. 
- estimated target data is used in solving the 


deflection angle problem 
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- deflection angle(DA) is given by; 


DA = ARCSIN( (TAM x SIN (ASP))/TO) 010 


ТАМ target estimated speed 


ASP = estimated aspect 
=(target estimated course) - 
(bearing to torpedo) 
TO = torpedo speed. 


See Fig. 2. 


The difference between the target data and the target 
estimated data are defined as errors in the target data. 
These errors are assumed to be random variates and are given 
as; 

- target range error is uniformly distributed between 
- 15 % and + 15 % of actual target range 

- target course error is unifornly distributed between 
- 15 and + 15 degrees 

- target speed error is normally distributed with mean 


QO and standard deviation 3 knots. 


These errors are assumed to cover errors in the fire 
control solution at the time of firing as well as 
non-radical maneuvering of the target during the tcrpedo 


Lun. 


As shown in Eq. 2.1, estimated range does not enter into 
the calculation. Estimated range would only be used for 
some more complicated tactical situations as angled torpedo 
nG GILT ChE EITING соцезе о: the firing unit. These 


Situations are not covered in this study. 
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ASP — Estimated Attack angle 
DA — Deflection angle 


Figure 2 - TORPEDO TRIANGLE 
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TOROS DEM SOLVING APPROACH 


am کت سے‎ aa ۱ے ۔۔:-۔‎ хз ہے‎ о = amam mms — m - mm = 


s i ir no ве initial course of the torpedo і5 
uniformly distributed between minimum course and maxinun 


course (main course +/- a fraction of sweep angle). 


Immediately after firing, the torpedo starts 'snaking'. 
During snaking, the torpedo is continously changing course 
left or fright out to the given sweepangle, then back past 
main course and out to sweepangle on the other side and so 
on. The torpedo rs turning with the given turnrate. During 
the whole process, the torpedo is also transmitting and 
listening. Transmission interval (TTIME) is given by 


technical detection range as; 


TIME =D WE TEDEC/1509 seconds [3:30 
where 
TEDEC = technical detection range in meters. 
1500 = speed of sound in salt water, m/sec. 
The torpedo run is conducted in steps. Every 0.5 


seconds interval, all positions and courses are updated. 


At each transmission; the relative bearing to target, 
and the target aspect are calculated in order to establish 
tne intensity of the echo. 

When a detection occurs, the following data is stored; 


= detection range to the center of the target. 
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- detection range to the nearest part of the target. 

- detection bearing (relative) to the center of the 
target. 

- detection bearing(relative) to the nearest part cf 
the target. 


= target aspect. 


In addition to the detection probability, the range at 
Ше Еле detection First occurs 15 also of interest. 


Therefore, we store these data at the first detection. 


However, successive detections are also important. As 
part of the criterion for the decision of when to go from 
search-phase to attack-phase, the number of successive 
detections (with no non-detection between) may be employed. 
In real life there is always a positive probability of false 
detection. Even if we are not addressing the problem of 
false contact as such, we can cover the possibility by 
reguiring the torpedo to have at least two successive 
detections before going into attack-phase. Accordingly, we 
store also the previously listed data at the second 
successive detection(two immediately following detections), 
at the third and so on, up to and including 5 successive 
detections. This listing of detections will give ап 
indication of the decrease in detection probability if a 
large number of successive detections before going into 
attack-phase is required іп order to decrease the 


۶۶9565171٤7 of false contacts. 
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А. 


IV. MODEL 


SEARCH 


For simulating the torpedo search, a fOr tran IV 


sinulation program was developed. 


The 


See 
See 


program was divided into; 


Main program, including generation of statistics and 
print out of summary after all the runs were completed. 
Subroutine PARMET for setting tactical situation and 
torpedo parameters. 

Subroutine FIRING which calculates estimated target 
data, and the deflection angle. 

Subroutine POSIS which calculates the torpedo course, 
and torpedo and target positions at each time ster. 
Subroutine DETECT which checks if the target is 


detected and if so, store detection data. 


БЕН نے‎ 
Appendix A and Appendix B. 
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Figure 3 - STRUCTURE OF COMPUTER PROGRAM 
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В. DETECTION MODEL 


A contact occurs when the acoustic energy-pulse 
generated at the transducer and reflected from the target as 
an echo, is at or above threshold level. In the following 
discussion we assume that the contact meets the tactical 


requirement, and accordingly we use the term detection. 


1. Detection Threshold 





Dee danger dad detection "occurs is a function of 
detection threshold(signal to noise ratio), the range to the 
target, the target strength and the relative bearing to the 


target, given a level of radiated intensity. 


The detection threshold for a torpedo is a function 
of design and technological sophistication of the torpedo. 
Without making any assumption about these variables in the 
model, we start with a given technical detection range, a 
“standard! target, and calculate intensity of echo at that 
range for target aspect equal to 90 degrees(maximum target 
strength) and relative bearing to the target equal tc zero 
degrees. This echo intensity is then the detection 
threshold for every transmission during a run. If any echo 
intensity is above the detection threshold, it is detected; 


1f below the detection threshold, it is not detected. 


E ECS Intensity 


In calculating echo intensity we must separately 


investigate the important factors, which are transducer 


2:5 





gain, lobe characteristic, transmission loss and target 


strength. The model used is described below. 
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а. Lobe Characteristics 


The transducer has a main lobe and many 
Sidelobes as a function of the transducer's gain and 
relative bearing. JUJrick [6;51-57] discusses some of the 
different types of beam pattern (lobes), and the following 
mathematical model was developed and found to give an 


acceptable pattern; 


{SIN (x Mi 
с (9) = о |--------| COS (8/2) (4.1) 
| xT | 
where 
x = 9/0 (4.2) 
4 0 
апа 
er = maximum gain 
= relative bearing 
а, = lobe width. 


This model will produce the gain-pattern as 


Shown xn fig. 4. 
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Lobe distribution 
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Figure 4 - DISTRIBUTION OF LOBES AND INTENSITY 
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b. Reduction in Intensity due to Range 


Primary the reduction is due to two effects; 
spherical spreading and absorption. 
Spherical spreading is a known function, but absorption 15 
dependent upcn transmission frequences, water, salinity etc. 
In order to simplify the model and since spherical spreading 
has the greatest effect, only the spherical spreading for 
reduction in intensity is considered. This reduction in a 


one way propagation is given by; 


ID 


I slaw AR 5.3 
"d (4.3) 


where 


H 
il 


radiated intensity at one meter 


intensity at range В. 


range in meters. 


С. * target Strength and Target Aspect 


When the ‘transmitted energy pulse hits the 
target, some of the energy is reflected back to the 
transducer. The echo intensity is a function of the shape 
and dimension of the target, type of reflective material and 
aspect. 

It should be noted that the notion of target 
strength represents the ratio between target cross section 
and the surface of a sphere of radius 1 meter, or if in dB, 
10 times the log of this ratio; base 10. In most 
references, the target strength or the target cross section 
is given abeam of the target, see [5:97],[6;274], without 
presenting the cross section as a function of the aspect. 


Urick (6;282,283] gives , however, as figures, an indication 
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of how the target strength(in dB) varies with the aspect. 
Cox(3;60] states that it will vary between 10 and 25 ав. 
All measurements in dB in the two references are relative to 
1 yard as unit for range.  Urick(6;283-286] indicates that 
his reference (as given in the figures) will not change in 
any considerable degree with changes in frequencies (20-60 
KHz) or for different targets (submarines/surface ships). 
Assuming a torpedo with transmitting frequency 
between 50 and 60 KHz, we get a wavelength varying between 
ап 920 em (0.025 = 0.03 meters). As any reflection from 
a target is mostly determined by target form, size, aspect 
and wavelength, we may use a model from radar theory in our 
next step. The justification for this use is that in radar 
theory we are working in the same area of wavelength and 
target dimension as an active sonar for a homing torpedo. 
Crispin and Siegel [4;86] give for target cross 
section a model for an ellipsoid where the incident 
angle (target aspect) is a variable. The relationship is as 


follows; 


2 0127 
Т.а -b əс 


ИНЕШ ко у-ур 
۳۰۱۰۹ ٦< ۰و0‎ E SIN O -SIN Q + c -COS е) 
(4.4) 


a, b, c being half axes of the ellipsoid. 
6ت‎ rig. 5. 
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Figure 5 - MODEL OF TARGET AND TARGET ASPECT 
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As we assume that the transmitting pulse is 
always in the horizontal plane, 9 is 90 degrees, which gives 


us; 


"E 222 
Т.а -b -c 
б = (8.5) 


— = Se SS = ws = سس‎ олы | 


(a «COS 9 * b -SIN 9) 


ф - aspect. 


Urick [6;275] дїхе< for target section a model 


for abeam or ahead cases, which is; 


t = d/ (UM) ы 
٣ت‎ ٦716610 with га. 4.5. Note that Eq. 4.5 is an 
expression for the target cross section. 
Haslett [5;139] gives for the target cross section a model 


for both ahead and abeam cases. His model equals Eq. 4.5 
2 
times a factor R , where R is acoustic reflectivity 


coefficient (per cent) = 94. 

The advantage of using Eq. 4.5 15 that it gives the target 

cross area as a continous function of the target aspect. 

For our model we will only use the lower part of the 

ellipsoid to simulate the ship hull below the water line. 
Combining Eq. 4.5 and acoustic reflectivity 

coefficient we get the following model for the target cross 


section; 


DN ae 2. 2 
T.a :b -c -R 
g = = (4.6) 


(a -COS 0 + b -SIN 9) 


With reference to Urick's figures [6;283] where 


the pattern of the target strength is given as a function of 
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aspect ап Fig. 9,13, and reproduced in this analysis as 
а ба, че still have not obtained a model which gives 
the same type of pattern. By applying the following scaling 


factor to Eq. 4.6 we have approximated his information: 


2 
U = (0.251635-9 - 0.18555•ф + 0.0365 -SIN(3-(@ + 0.17453)) 


2 -1 
+ 0.015-@ -SIN(9:9/2)) (4.7) 


We then have as the target cross section in our model the 


following expression; 
o=6x JU (4.3) 


where O and U are as previously shown. 

Fig. б.а and Fig 6.b shows an "ideal! pattern and a model 
pattern. The figures given by JUrick are for 1 yard as 
reference distance, but have been converted to 1 meter 
reference distance in Fig. 6. То go from dB(yard) to 
dB (meter), we subtract 0.78 dB. The dB as given in this 


analysis are all with 1 meter as reference distance. 
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The active sonar equation is; 


Q іа 
| " 


Az 
R 


This may 


2 
P -G ·.6:6 . À 
0 t E 


(4-7) Е 


Watts (4.9) 


power received 


power transmitted 
Gain transmitting, ref Eq. (4.1) 


target cross section, ref Eq. (4.8) 


gain receiving, ref Eq. (4.1) 


wavelength in meters. 


range to target in meters. 


be rewritten into an expression of power received 


as a function of the variables of the different terns; 


Р = К 


К == 


SIN(X -T) SIN (X -T) 
т УРАКА. 2 т 
Па сла OCR | -__-__ Ка _ __| 
L T | | x | 
2 Т 
-------------;-- € E EEE 


R «(a ‘COS Ọ + b -SIN 9) 
(4.10) 


the product of all the constants in the terms. 


For more detaiied discussion about gain, 


transmission loss and reflection (target cross section), ses 
u Ilo такта (6:29, 94,263 ]. 


We can now calculate the minimum power level for detection 


Dy setting: 
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20 
II 


technical detection range 


24 
II 


0 degree 


P< 
II 


0 degree 


90 degrees 


© 
II 


and we get 


Р =K (4.11) 
nin 





2 
а сђ -c -R -3.08657 
мм o ono. (4.12) 
mın 
2 2 
R (b) 


a, b апа с are the dimension of the target used in the 
model. 
We assume a ‘standard’ target, length 100 meters, bean 15 


meters and draught 4 meters, i.e. 


a = 100 
b= 15 
c= 4. 
There will be a detection if P/p > 1. Note 
min 
that P/P does not depend on K, into which radiated power 
min 
and transducer gains have been included. The technical 


detection range R is an Operationally meaningful surrogate 
ДЕ 
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for these parameters. The ratio P/P . will be called the 
min 


"intensity fraction'. 
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7 тач 


Апу intensity-fraction calculated during a 
transmission which is greater than 1 is a detection. 
However, to improve the model at close ranges, the following 
modification has been made for gain variation due to 


relative bearing. 


At close ranges, the relative bearing to target can 
alter considerably from bow to stern. Therefore, the 
intensity in the pulse will differ along the target. То 
average this intensity both for the radiated pulse and for 
the echo, the model calculates relative bearing to the 
target bow, center and stern, calculates the corresponding 
gain factor for each bearing, and finds the arithmetic mean 
o£ these gain factors. These two average 
gainfactors (transmitting and receiving) are then used in the 


calculation of echo intensity. 


The model does not recognize a detection unless the 
tactical situation makes it possible to maintain contact 
with the target for some time. To be precise, the following 
conditions must be present; 

- torpedo turn rate higher than bearing rate 
- closing speed must be positive. 


- target must have 2 knots doppler. 
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V. PRESENTATION OF DATA 


pee  STOCHASTIC ELEMENTS 


In the previous description of the model, the following 
input values are stochastic; 
- error in target speed 
- error in target course 
- error in target range 


= initial torpedo course (not main course). 


The primary stochastic effects on спе 61 
performance are identified as errors in target speed and 
course, Since these two variables are the only stochastic 
ones used in computing the torpedo main course. The first 
problem to be solved was then how to design the run series 
in order to reduce variance in result at the same time as 


keeping the result unbiased. 


It was found that instead of using a complete randcmized 
design (random variates); we could deterministically section 
the probability range 0.0 - 1.0 for the two important random 
Variables, using the inverse probability transformation to 
get variates, and then run the number of runs required to 


cover all combinations of variates. 


Some preliminary simulation runs were done in three 
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versions; conplete randomized and independent; with 
antithetic reduction technique (sectioning) ; and the 
previously described procedure. The number of runs needed 
in order to keep the variance low for the result was 
considerably higher for the first two versions. 
Accordingly, we selected the previously described procedure. 
It was found that a series of 150 runs was sufficient in 
order to give a reasonable accuracy in detection probability 
and at the same time keeping the total CPU time for a series 
of runs acceptably low. The 150 run series was established 
by dividing the range of probability of target speed errors 
into 15 equally spaced sections; and the rangs of 
probability of target course errors Into 10 equally spaced 
sections. Each section boundary point was by inverse 
probability transformation converted into a variate. 
Bearing in mind that speed errors are normally distributed 
and course errors are uniformly distributed, all 


combinations of target data error are plotted in Fig. 7. 
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В. TYPE OF PRINTOUT OF DATA AND RESULT 


Each series of 150 runs produces a printout as shown. 

The heading cf the printout gives the tactical situation and 
the torpedo parameters in the given run series. Also , the 
printout gives the sweep lane, which is the width of the 
lane where the torpedo has swept through by its sonar lobe. 
The coverage ratio gives an indication of the fraction of 
the lobe, which is covered twice: i.e. how much the lcbe is 
being offset from its previous position by change in tne 
torpedo course. The question of offsetting the sonar lobe, 
about which information is given іп theszprınteussss is 
discussed later in Ch. VI. 

Ref: Fag. 8. 

ШӘП васп гап, the following are output: target data, 
torpedo deflection angle, torpedo main course, target and 
۶ئ‎ о гіп position at end of run, duration of torpedo run 


and length of torpedo run. 


After all runs in a series are completed, a summary is 
given. 

mote Fag. 9. 

The summary gives detection probability for a Single 
detection, 2 successive detections, up to 5 succéssive 
detections. Also mean detection range, standard deviation 
of detection range, mean aspect, mean detection bearing 
relative to center bearing of sonar lobe and relative to 


main course are given. 


Lastly, the detection range, the relative bearing to the 
center of tne target and to the closest part of the target 
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at detection (relative to present torpedo course), and the 
target aspect at detection are printed for each run for a 


Single detection, 2 successive and 3 successive detections. 


It also should be noted that it is possible to get a 
more detailed printout for each run by setting IPRINT = 0 in 
the main program (main program statement 035). 


Ref. Appendix D. for example of detailed run printout. 


From the printout data, it is possible to study 
different aspects of the detection process as well as to 
generate distributions of detection range, aspect, bearing 


etc. 
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he OBJECTIVES 


The following approach was used: 
The torpedo speed, the technical detection range and the 
lobe width were assumed to characterize a torpedo type. 
Within the type, it was possible to change the turn rate and 


the sweep angle. 


A tactical situation was characterized by the attack 


angle, the target speed and the firing range. 


The following questions were investigated: 

- Can a torpedo be improved by offsetting its sonar lobe 
from the torpedo heading ? 
Rephrased; it may be asked, is the sonar lobe searching 
in the right direction (most likely area) by 
pointing straight ahead along the torpedo course ? 

- How do turn rate and sweep angle affect a torpedo's 
МОБ 2 

- How are the different torpedo types related to each 


other with regard to detection probability (MOE) ? 


In the analysis, we started with a reasonable tactical 
Situation; target speed 18 knots, range 3000 meters, 
technical detection range 750 meters. Initially, we changed 
the attack angles. 


With regard to torpedoes, we started with three types of 
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torpedoes; 24 knots, 32 knots and 40 knots; all with 20 
degree lobe width, 6 degree per second turn rate and 30 


degree sweep angle. 


Bee OfFFSETTING SONAR LOBE 


The hypothesis was that when a torpedo is fired on a 
deflection angle course, the sonar lobe should be most 
effective if it scans across the bearing to the target. 

Or, the sonar lobe should be offset equal to deflection 
angle (DA). Ref. Fig. 10. 


It was found that offsetting had a positive effect when 
attacking from ahead of target. 
Rete Fag. il.a. and b. 
But from about 30 degree to about 110 degree attack angle 
the effect was negative. If more than 110 degree attack 


angle, there was no effect. 


In analyzing the fraction of offsetting, we analyzed the 
case of 30 degree and 60 degree attack angle. There seemed 
Новелла еггес: from 0.0 to 0.5 x DA; if more than 0.5 x DA 
there was a decreasing efficiencjy. 

This was found for 2 types of torpedoes (32 and 40 knots; 20 
degree lobe width) at 2 different sets of turn rates and 


Sweep angles. 


This conclusion applies for both single detection and 
multiple successive detections; however, the magnitude or 
the effect is changing as we look on different number of 


successive detections. The conclusion was that there is 
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little to be gained by offsetting the sonar lobe, and the 
sonar lobe was therefore not offset in subsequent 


investigations. 


46 








=. / 
Targe | ; 
0 
J) 
v 
UN 


Offset 


сео а тако 





Torpedo 


DA e Deuce angie 


Figure 10 - OFFSET SONAR LOBE 


47 


lignes |٦ . Torpedo Parameters 


Range 3000 m Seep ange 30. 
TA Speed 18 Knots Lobe width 2 OF 
Det. range 750m Turn rate 67/5 


First = 


TAT 








> | 
= р | 
Кс > E 
5 Ix — - 
G 
О eX 12152 ¡50 180° 
E Attack Angie 
a. 
o 40 Knots Lobe not offset 
2 32 Knots ----— Lobe offset 10x DA 
= A 24 Knots 
O 
7 
- 
Ф | 
a is > 





TS 
Cole ONC 


аг ІШ = SERREGT OF OFFSETTING SONAR LOBE 


48 











Range 3000 m Sweep angle 30° 
TA Speed 18 Knots Lobe width 20° 
Det range 750m ШЕП pare 67/5 


Two detections 


HA A 








: 
2 
т Те i 
E) 
О O 150° 180° 
E Attack Angle 
б. 
о 40 Knots lobe not offset 
с 32 Knots ose offset 10x DA 
И A 24A KAOS 
9 
3 
D 
Ф 
(A Е 





| | == 60” Attack Angle 





Е. 





О 25 = ia 0 
Lobe Offset 


Е.Б. CERBBECT OF-OFESETTING SONAR LOBE 


ug 





| CS 












0000" 081 

LRT сє 4981: 021 

сета" 4374 4922: 06 

499€* CES ty" 000%" 09 

4996: CELE 6.901" o£ 

гт Е 4907 | (066: ett” 0 
әдот от 070 от DU офбио 
130 SuOI15ə1əp £ SUOI129]9p г ٥۶۱39310 L ٭×٭‎ ۷7 
позлйер 02 чарти 9391 ш 064 әЗиял ١ ۷ 
оззтйер об етйив deens w 0006 зйизуи 
9100۵ г peeds opedio]' езочя 91 рәә4в 393181 
злејашолод оред.о| UONDNYS 0242041 


VARIATION IN OFFSETTING SONAR LOBE 


Table Y 


50 











SUONI3I3P с SU0HI3}3P 2 


олафашолра орәдало ү 





0002 * 
€€ 12° 
¿90€* 
ССС" | 00887| 006° | 0006: 
oott* | LORE’ | 0086“ | 2908 
0082: 








981 UINL 

вәәлӘәр 02 016 1 
seemep of e13uw дооис 
9$30uX 2€ pesds opadioj 


opod.Jo|‏ ۱91000001 ؟ 


ool S40 со | çz'o 
SuOi12Ə1)əp г 


0002* 
0042" 
4986: 
498 
2908: 


009€ ' 


0'0 


0099" 
000t* 


62470 








з био 


٥۱و م3393‎ 4 оу 





UOIJDNYIS |D2I320| 


0002" 
4992: 
452% 
00957 | 4996“ CESS ° 
Lom | oom 4994" 
4980" 


S'o со | оо ојбио 
uol1331əp l ۷۸١۷٣7 








۲ 0 7و ا3ء" کن и‏ 

ш 0006 одивн 

peeds 309318]‏ 1 ا890 
UONDNYS JDIINDDL‏ 


VARIATION IN OFFSETTING SONAR LOBE 


Table I.D- 


51 











эбио 
JD Yy 






SUONI3)3P 2 





зиотзајор С 


uonajsp | 


= sJ9gjeuiDuDnd оргалој UOIJONYIS |D21I120| 





Е 
OOtE 
0084” 
СС66” 
00 
454% 
7+ 7 
SUuOI12Ə1Əp ç ا5‎ 0۱13913۲٠ г 
"on caso Susu = 
9S99193ep 02 Чърти ۴ u 064 e3uwx 6 
898193p Of отВив азенс ч 0006 euey 
9101 ۹ рәәдв opsdıoy g30uX gI peede 4o91»[, 


ѕЈәђјәиолоа орәало { иоцопцие [02201 





VARIATION IN CFFSETTING SONAR LOBE 


Ce 


Table I 


32 





en EBBECT OF TURN. RATE 


The effect of turn rate was investigated in the range 3 
to 21 degrees per second in steps of 3. For both types of 
torpedoes the model showed an increase in MOE as turn rate 
was increased. The MOE leveled off as turn rate was 


approaching 15 - 20 degrees per second. 


The reason may be due to the 1 second transmission 
interval and the 20 degree lobe width, which indicates that 
the torpedo should be turned at a turn rate equal to lobe 
width divided by transmission interval for maximum MOE. 
However, as the number of successive detections required is 
increased, we get maximum MOE at lower turn rates. 

ШЕСІ 12 Shows the change іп МОБ with turn rate for 30 and 60 
degrees attack angles. 

From Fig. 15 where different combinations of turn rates and 
sweep angles are plotted versus MOE, we see that the effect 
is negligible from about 60-80 degrees to 180 degrees attack 


angle. 


А 6 degrees per second turn rate is compared with what 
may be termed an “optimal! turn rate in Fig. 13. Тһе 
"optimal! turn rates were established by the general trend 
from Fig. 12 and Table II.a and II.b. 

The following turn rates were identified as 'optimal'; 
= 15 degrees per second for the 32 knots torpedo 


= 18 degrees per second for the 40 knots torpedo. 
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We see here in Fig. 13 a considerable increase іп MOE 
with increase in turn rate for attack angles less than 60 - 
80 degrees for single detection; an consistent improvement 
for 2 successive detections in the same area; but no change 
or a slight detoriation for 3 successive detections. 

It is quite obvious that a torpedo which requires cnly a 
Single detection as requirement EOE attack has a 
considerably better MOE, and a considerably higher potential 
for improvement by changes in turn rate, than a torpedo 
which requires more successive detections for classifying a 


contact as a target. 
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ШОО КЕКЕСТ OF SWEEP ANGLE 


From preliminary simulation runs, it was found that fron 
90 degrees (inclusive) to 180 degrees attack angle the 
effect of the sweep angle was neglegible. The analysis was 
therefore done from 20 to 50 degrees sweep angle oniy for 30 
and 60 degrees attack angle for both the 32 and the 40 knots 
torpedo. 


The result is shown in Fig. 14. 


For the 32 knot torpedo we get an increase from 30 to 40 
degrees for both attack angles. From 40 to 50 degrees, MOE 
either levels off or decrease slowly. AS a conclusicn, we 
established 40 degrees sweep angle as the "optimal! value. 
For the HO knot torpedo, the MOE was fairly steady over the 
whole range for 30 degrees attack angle. For 60 degrees 
attack angle, there was a peak at 30 degrees sweep angle, 


which indicated that 30 degrees was the optimal value. 


The reason for the different sweep angles for the two 
torpedo types (Note; both have 6 degrees per second turn 
rate) шау be due to the time it takes to reach the target. 
The shorter time,the less area on each side of the main 
course is needed to be covered in order to detect a target; 
i.e. a 40 knot torpedo needs only a 30 dergree sweep angle, 


a 32 knot torpedo needs 40 degree sweep angle. 


39 





Detection probability 


۲٠۰٠۰٠٦٦٢٦5106۰٦ Range 3000 m 


TA Speed 18 Knots 

Det. range SOM 
Torpedo Parameters: Lobe width 27 

Turn rate 62/5 








TO Speed 
32 Knots 


2 8); 202 727202 20 ој eon 40° 5909F 
espana le 


o One detection 
a TWO successive detections 
А Three successive detections 


—— 30° Attack angle 
me 66° ae i 





ВЕ 1 > EFFECT ОЕ SWEEP ANGLE 


60 





The reascn why we get a peak and then a reduction in MOE 
as we increase sweep angle is supposedly due to a sharp 
decrease in speed along the main course as sweep angle is 
approaching 60 degrees. 

As example, for a 40 knots torpedo the model gave 35 knots 
along main course for 50 degrees sweep angle as compared 
With 38.6 knots for 20 degrees sweep angle. For a slower 
torpedo, the effect on MOE may be considerable due to less 


speed advantage relative to the target. 


61 





0002” 
0082” 

CC6C' 

00t6*| 49 
EESE* | 0090" 
€€S2° 

0f ос 02 

5٥۱۱۱ 39136 £ 








2э3/9эр 9 
sooJ39ep 7ن‎ 


зуочи оп 


sJ9gjauiDupnd  opad.o| 


зиопЈајар с 


оәв/9әр 9 
вәә19әр 02 


sqouy z€ 


ѕләђјәшолоа орәдло | 


————— 


peeds opedio] 81004 81 













сет DM MD | 15777 
00%” 2904" 
001۰ Ella 
499v | 626° | 6665’ 496" | 292%" | 4909" | 0049” 
0086“ | 490 | 000%’ 0004" | Z9et | СЄс+” | ош 
CECE’ 


CC6E ° 





ә|био 
۷٭×ۃ×‎ 


02 06 Ot 
uOo11223]9p | 


On ot ' 
SU0NI3J3P Z 


——————— — 





9383I оп] ш 064 e#uer uoy4de 40g 
616 61 ш 0006 9309) 
peads opadıoL 393044 gl poeds 322181 


UOIJONJIS |DOI]20| 





SUOI123]2p г 


иопзајар | 


9381 ит], w OGL әЗичл UO ۲1 


۷616 1 ш 0006 әЙиен 
peeds 3991eL 


UONDNYS JDINDDA 


- 


VARIATION IN SWEEP ANGLE 


Table III 








ШІ ОРЕЕСТ ОВ BOTE SWEEP ANGLE AND TURN RATE 


In the previous discussion we changed either sweep angle 
or turn rate for both types of torpedo while we kept the 


Other Variables constant. 


ПОК ШОО ОПО МОЕ for initial torpedo (32 knots) value, 
optimal value for sweep angle, optimal value for turn rate 
and the ‘optimal torpedo (having both the ‘optimal’ turn 
rate and sweep angle), we get Fig. 15. 

Observe how the MOE changes as we apply the individual 
‘optimal! values, and the MOE obtained by applying both the 


‘optimal’ values. 


At this stage, no trials were made in crder to further 
increase MOE by changing sweep angle or turn rate from these 


values. 


One essential feature 1S that virtually none of the 
variables so far have had any effect on MOE for larger 


attack angles than 60-90 degrees. 


The relative difference in MOE between the 32 and the 40 
knots torpedo types is shown in Fig. 16. Both torpedoes are 
Optimal in the sense that the best values fcr turn rate and 


sweep angle have been choosen for that specific speed. 
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It is obvious that the main differences are for large 
attack angles; more than 60-80 degrees. 
Especially if the acquisition requirement is one detection 
only, however, a 32 knots torpedo is slightly better up to 
60 degrees attack angle. This improved MOE for the slower 
torpedo may be explained by a better balance between the 
time to the target and the total relative speed. А toc high 
relative speed may prohibit the torpedo from getting the 


target within its sonar lobe before the target is passed. 


Generally, however, the higher Speed torpedo 1s 
Superior, especially for larger attack angles (120 degrees 
and more); this can be explained by the shorter time to the 


target. 


ieee reer OP LOBE WIDTH 


The effect of changing lobe width while maintaining 
detection range is shown in Fig. 17. It should be noted 
that we initially started the simulation with an "optimal! 
torpedo with 20 degrees lobe width. When че ran the 
Simulation series for 10 degrees and 30 degrees lobe width, 
we did not change the other torpedo parameters in order to 
make the torpedo "optimal! for the new lobe width. If we 
had carried through this optimization process, we might have 
expected an increase in the result for 10 and 30 degrees 
lobe width. The torpedo parameter in question would most 


likely be turn rate, ref discussion previously on page 61. 


The interesting points from Fig. 17 are; 
= a 10 degrees lobe width torpedo with a 


one-detection-only acquisition requirement is as good 
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аз а 20 degrees lobe width torpedo With a 
two-successice-detection requirement. This should 
indicate what we have to pay in additional power 
transmitted when acquisiticn requirement is high. Or, 
where to invest research resources; in transducer or in 
echo filtering. 

the equally shaped curves for increasing lobe width. 
However, we also observe an increasing difference in 
MOE between the curves as attack angle 15 decreasing. 
the importance of the correct balance between turn 
rate and lobe width for successive detections. че 
observe for a small aspect target how MOE decreases 
drastically when we reduce lobe width from 20 degrees 
to 10 degrees and maintain turn rate and require two 


successive detections. 
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G. EFFECT OF DETECTION RANGE 


The detection range is a function of the design of the 
active sonar in the torpedo as well aS sonar condition at 
the time of the torpedo firing. The detection range as a 
function of the design of the active sonar is termed 
technical detection range. The detection range as a 
function of both the design and the sonar conditions is 
termed tactical detection range, or just detection range. 
In analyzing the detection probability as a function of 
detection range, we assumed optimal sonar conditions by 


equal technical detection range with detecticn range. 


Detection range was varied in discrete steps: 375 - 750 
но 3150€ meters. 


Figs. 18.a. and b. indicate that detection probability 
is a linear function of the detection range up to a 
detection probability of 0.8 -0.9 for one detection. Fron 
the model, it may be justifiable to approximate the 
detection probability as a linear function from 375 m to 


1125 m detection range. 


From the model and the given assumptions, there is 
little usefulness in a homing torpedo with less than 300 а 
detection range. 

The same situation is shown in Figs. Ша” апа CE. in 
another cut of the response surface. We see here how 
consistantly the MOE has decreased over the whole range of 
attack angles when going from 1500 a to 375 m detection 


range. 
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Otherwise the picture in Figs. 19.a. апа b. is as in 
previous similar figures; a marked decrease in MOE with 
attack angles more than 60 - 90 degrees, and with the faster 
torpedo superior over most of the range. It should, 
however, be noted that for longer detection ranges we get 
Maximum MOE at 0 degree attack angle for both torpedo types. 
This effect is reduced when we require two successive 


detections for acquisition. 


We also experienced a considerable decrease in МОЕ for 
longer detection ranges when requiring two successive 
detections instead of one. It seens obvious that this 
reduction is due to a larger lateral movement at the extreme 
range. As noted previously, we increase the transmission 
interval (increase interval in order to allcw time for echo 
to return) when the detection range is increased. Keeping 
the sane turn rats, the sonar lobe will turn a larger angle 
between each transmission, which can have а deteriorating 
effect on MOE for more than a one-detection-cnly acquisition 


requirement. 
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N COMBINED EFFECT OF LOBE WIDTH AND DETECTION RANGE 


The- following approximate relationships exist between 


lobe width, detection range and sonar power: 


2 
сое ЗА 
0 t E 
Р ____-_ са 020 Watts (4.9) 
(4 1) -R 
where 
G = G = (1:1 /м) (6. 1) 
ДЕ L 
2 


2 x lobe width. 
Ref [ 1;49}. 


w is defined as solid angle. The given equation is valid 
for small lobe width only. For larger lobe width the exact 


relationship is; 


w = 2:W-(1 - COS 1) (6.2) 
1 lobe width. 
The approximate relationship is close enough up to 60 


degrees lobe width. 


By substituting the approximate relationship intc Eg. 
y 
4.9 „ we get a reduction of L in receiving echo due to 


change in lobe width, 


Or 
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4 
(L-R) = constant, (553) 


which combine range and lobe width, and implies that 
detection range is inverse proportional to lobe width for 
constant power transmitted. 

It is therefore possible to plot this function for constant 
power transmitted, and use this as a prediction of hcw MOE 
may change with change іп these two torpedo parameters {lobe 
width and detection range). 

This is done in Fig. 20; and indicated by the dashed line 
going through 20 degrees lobe width and 750 m detetion 


range. 


We then ran some simulation series in order to generate 
data points from the model. The data points gave the MOE , 
and by fitting curves we were able to get some indication of 
the relationship between the lobe width and the detection 


range as given by the model. 


The application could be as follows; 

For a given torpedo with lobe width 20 degrees and a 
detection range of 750 m, we ask the question, can МОЕ be 
increased without increasing power transmitted ? 

The dashed curve through the point(20 degrees, 750 m) 15 а 
constant power curve, and by following the curve we observe 
how MOE is changing. 

From the figure, it is obvious that a narrower lobe and a 
longer detection range gives a better result. But we also 
observe the assymptotical feature of the curves. We reach a 
point where the constant power curve and the constant МОЕ 


Curve are parallel. 


However, it should be born in mind that the theoretical 
relationship between lobe width and detection range is an 
approximation which does not account for absorption-erfect 


От surtace-effect. This implies that the constant power 
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curve in real life will be lowered. Only a more detailed 


analysis can say how much. 
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Situation Torpedo Parameter: 


Tactical 
TA Speed 18 Knots TO Speed 40 Knots 
Range 3000 т Sweep angle 3 * 


Turn rate 18 °/5 


One detection only 


Constant detection probability 
2------ Constant power transmitted 


Detection 











O° Attack angle 60° Attack angle 
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Figure 20 - VARIATION IN EPFECTIVENESS AS A FUNCTICN OF 


LOBE WIDTH AND DETECTION RANGE 
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ПО EFFECT OF FIRING RANGE 


The most important factor in achieving high detection 
probability is the difference between estimated target 
position and actual target position at the time when the 
torpedo is in position to detect. The effect on the 
detection probability is mainly due to the time the tcrpedo 
takes to reach within detection range of target and the 


speed/course errors in target data. 


As we increased the firing range, we experienced as 
anticipated a degradation in MOE. This degradation was 
experienced for both the 32 and the 40 knots torpedo. 

The variation in firing ranges were at the following values: 
1500 - 3000 — 5000 - 7000 meters. 

ВА 1. а апа Б. shows consistently the importance of 
Short firing ranges. This applies to both one detection and 
two successive detections. 

Fig. 22.a. and b. shows an additional advantage with short 
firing ranges; a considerable improvement at firing with 
small aspect (attack angle), less than 30 degrees. Again 
this applies for both types of torpedoes. 

Also, we get an indication that at short ranges, about 1500 
meters, there is no significant difference in MOE of the two 


types of torpedoes up to an attack angle of 90 degrees. 
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lsctical Situation: Torpedo Parameters: 


Probability 


Detection 


TA Speed 18 Knots TO Speed 32 Knots 
Det. range 750 m Lobe wıdtn 20° 
ф Sweep angle 40° 
Turn rate 15°/s 
9 B 






Attack angle 









One detection 


———- Two successive 
detections 





202۷" 9ھ | ھ2 3000 DOO‏ 
= ‌ "80 


Figure 21 - EFFECT OF FIRING RANGE 
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Mactical Situation: Torpedo Parameters: 











TA Speed 18 Knots TO Speed 40 Knots 
Det. range 750 m Lobe width 20, 
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ШЕШИ ЕЕ ВСЕ ТАКОЕТ SPEED 


Generally, we anticipated a degradation in MOE аз the 
target speed was increased. And overall, this was 
confirmed. 

The simulations were carried through at 12, 18, 24, 30 knots 


target speed. 


However, fig. 23.a and b shows some interesting patterns 
regarding optimal attack angle for different target speeds. 
For a 32 knots torpedo, at 60 degrees attack angle, the 
torpedo is equally good for any type of target speed fcr one 
detection only. For two successive detections, the tcrpedo 
is equally good between 30 and 90 degrees for 12 and 18 
knots target. A 24 knots target gives a consistently lower 
MOE over the whoie range of attack angles, and the 2 
Simulation runs with a 30 knots target confirmed that trend 
EO: Che 32 knots torpedo. 


4e шау form the conclusion that for one detection only 
60 degrees attack angle is an optimal attack angle for the 
range of target speeds. For two successive detections, 30 
to 90 degrees attack angle gives equally good MOE between 
target speed of 12 and 18 knots. 


One interesting point is that it seems that if the 
target speed is less than 0.4 of the torpedo speed the 
Optimal attack angle shifts forward to 0 degree. 


This also applies to two successive detections. 
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mactical Situation: Torpedo Parameters: 


Range SOOM ue "۷۷۹۷۳٦٦ 32 Knots 
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Turn rate 15 s 
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Figure 23 - EFFECT OF TARGET SPEED 
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Baetical Situation: Torpedo Parameters: 


Range 3000 m |» SIS 40 Knots 

Ber. range 750m COE 7 
Sweep angle 30° 
Turn rate 18 76 
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БИ пес torpedo, іп addition to the point of 
optimal attack angle at 0 degree for slow target speeds, we 
also experienced a relatively low MOE for slow targets in 
the range 45 to 105 degrees attack angle, compared to fast 
targets. But aS a compensation, MOE is increased for small 
attack angles and the astern attack angle compared to fast 
target. Obviously, some type of a breaking point is 
experienced for target speed of .4 or less of torpedo speed. 


Why a slow target produces this increase in MOE in the 
two extreme cases (ahead and astern) nay be explained by the 
balance between time to reach detection range and the total 
relative speed. It is, however, more difficult to give any 
explanation of why a slow target should produce a lower MOE 
for some attack angles than a faster target does. One would 
have anticipated an increase in MOE over the whole range of 


attack angles for a slow target. 
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ЕТ ДС РРСАТ ANALYSIS 


In addition to the detailed parametric analysis, which 
has been shown previously, we also could expand the analysis 
to cover more tactical related problems. If we assume а 
given target speed, we could construct detection probability 
charts as shown in Fig. 25. a. and b. 

This analysis would then naturally fall into two areas: 
- direct comparison of two or more different types 
of torpedoes. 
- effect of tactical situation on the detection 


probability. 


ШТ ЕО charts (Figs. 25.a. and b.) were formed by 
ОШОО simulation runs for differnt tactical situations 
(гапде апа attack angle), and then fitting constant 
detection probability curves through the data points. 

The use of these types of charts falls into two areas: 
Evaluate different torpedo types for different tactical 
Situations; essentially, which torpedo is best. Or fora 
Jiven tactical situation, how could the situation be 


improved, and what Options exist. 


The first type of use applies mainly to operational 
planning; operational requirement in the design phase of a 
torpedo and procurement. By laying one chart atop of the 
other; we get a visual picture cf how much is improved when 
using a 'better' torpedo, and for which tactical situation. 
The shaded area in Fig. 25.b. shows how many more tacticai 
Situations have been covered when going from a 32 knots 
torpedo to a 40 knot torpedo for 0.25 detection 


probability. 
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Detection 
pSpo DIU ty 






Firing unit 


Ae initial position 


150° Attack angle 


180° 
Det. range 750 т TOR рева 32 Knots 
TA Speed 18 Knots Sweep angle 40° 
Turn rate 5 Lobe width 20 


Моше 25 EXAMPLE OF TACTICAL GUIDELINES 
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Det range 


im‏ ھ 
TA Speed 18 Knots‏ 
Figure 25.b. - EXAMPLE‏ 
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Detection 


Probability 


120” Attack angle 


TO Speed 40 Knots 
Sweep angle 30° 
Lobe width 20° 
Turn rate 


18 5 


OF TACTICAL GUIDELINES 











The other type of use of the charts is tactical. When a 
firing unit decides to attack, and finds itself in a given 


tactical situation, the question is: What to do ? 


For given target speed and own max speed, the charts 
make it possible іп a simple way to decide where to go and 
what course to keep. Also from the charts, one can decide 
where on the relative course is the optimal firing position. 
For a Submarine attacking a zig-zagging target, the 
Commanding Officer can better make his evaluation of when to 
fire, as the attack angle and the distance are continuously 
changing. He can see what improvement to expect when the 
target will change course next time. An example of a 
tactical situation and the course of action to follow are 


Even in Fig. 25.a. 


These points also bring up the question of what to 
improve in the operational picture; the firing unit's 
ability to acheive a good firing position or the torpedo's 
ability to detect target from non-optimai situations. 

In this discussion, the guided torpedo has to be brought 
Мишо thes picture. The effectiveness of guidance has not 
been adressed at all in this study, basically because that 
would have significantly expanded the scope of the study, as 
час bringing “Xn the whole problem of fire control 


equipment, its effectiveness and its reliability. 
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Тһе study was carried out in order to investigate the 
detection process of an active sonar homing torpedo used 


against surface ships. 


Specifically, we wanted to study the effect of changes 
in torpedo parameters such as torpedo speed, turn rate, 
Sweep angle and detection range, as well as changes in the 
tactical situation such as target speed, firing range and 


attack angle. 


In an attempt to gain insight into the complexity of a 
homing torpedo, the described model was built and the 


Simulations done as previously shown. 


In designing a homing torpedo and evaluating torpedo 
tactics the detection probability is an essential part of 
the total effectiveness of the tcrpedo. 

TO be able to hit the target, the torpede has first to 
detect it, which justifies why we started out with analyzing 


the detection process. 


Also, as part of this analysis we investigated certain 

aspect of the next step in the operational process; 
acquisition. 
It is not difficult to visualize tests which may be used in 
order to recognize an echo as a detection and subsequently a 
target to attack. Some of these tests may be doppler, 
Successive detections, detections within a given range, 
2-0f-3 detections, size of echo, length of echo etc. 


The problem of false echo, however, was nct approached in 
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this study. That would have to be the next to consider іп 
relation to reducing the number of successive detecticns in 


order to acquire a target. 


In order to allow for the errors in tracking of the 
target before firing and also small maneuvering of the 
target after firing, we introduced errors in the target 
speed and course when calculation of the torpedo main firing 


course was done. 


During runs the torpedo was unguided, and did not react 
ӘНШ detection; i.e. it did not attack the target. For 
sonar condition, isovelocity was assumed and no surface 


effect was built into the model. 


The result gave certain insight into the complexity of 
the detection process, stressing the importance of a good 
tactical firing position, and of a high speed torpedo with 


long detection range. 


However, the data also showed the relationship between 
detection range, lobe width and turn rate, as well as 
weighting the sweep angle in relation to torpedo speed. Dt 
can also be concluded from the results that changes in 
torpedo parameters as turn rate and sweep angle, which пау 
be inexpensive modifications, will not give a significant 


improvement. 


Generally, the overall important factor was the time the 
torpedo used in order to travel within the detection range 
of the target. This was due primarily to the error 
generated in the target data, obviously the actual value of 
the result 1S sensitive to these assumptions. 

However, the understanding and insight in the detection 
process achieved by simulaticn should not be reduced by 


other assumptions with regard to error in target data. 
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With regard to the analysis, the result has shown a 
consistent and general trend that if we are able to require 
only one detection for acquiring a target, the detection 
probability is significantly higher than if more than one 
detection 15 required. And what is more important, the 
potential for improving/optimizing a homing torpedo is also 
Significantly higher for one detection only. 

This implies a large payoff for other methods of keeping 
down the probability of false detections. 


Secondly, a high speed torpedo has shown a general 
superiority іп МОЕ. This was specially obvious in attack 
angles greater than 90 degrees, which tends to make a high 
Speed torpedo more of an all-round/reliable torpedo with 


regard to tactical situations. 


Thirdly, except for changes in attack angle and firing 
range, the detection range seems to influence the MOE 


strongly. 


These three remarks all point towards an improvement in 
the sonar-/filtering-area as the most promising area in 


which to carry out research and invest effort. 


This study has also pointed out the advantage of high 
torpedo speed and firing at short ranges. There exists 
therefore considerable argument for a short range, high 
speed torpedo, given that one is able to position the 
torpedo at a short firing range; i.e. a small, Simple 


torpedo. 


Basleally, there are two schools of thought; 
- a highly sophisticated torpedo; long range, guidance, 
expensive, but close to the one shot-one hit idea. 


za simple, high speed torpedo; short range, 
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non-guidance, inexpensive, and requiring either a 
ПЫН which can get into an optimal firing 


poSition or a larger number of shots to acheive hit. 


The result may be useful in giving example of how 
tactical guidelines can be evaluated by the simulation 
approach. But more significant is pointing out the 
importance of torpedo capability and the tactical situation. 
Obviously, we have to look on the whole torpedo system, 
Бре шаљу the firing unit. Investment in resources and 
effort should not necessarily be spent only on the tcrpedo 
in order to increase its effectiveness, but may be spent on 
the firing unit as well in order to make the unit able to 


Peach a better firing position. 


A follow-on of this study may be to investigate the 
attack process of the torpedo, including the acquisition- 
and hit-problen. 

Then the question of guidance during torpedo run should be 
analyzed in order to better evaluate the problem of choosing 
petween a few sophisticated, expensive, guided tcrpedo 
system or many simple, inexpensive, nonguided torpedo 


systems. 
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CTT CHEST FORZSTMUZATTON PROGRAM 


A TORFEDC SISULATICHN. MAIN FROGHAG. PAGE 1 


i 
à ICBPEDO SIMULATION. SAIN PROGRAM. 


А ТОБРЕСО ЭТМОГАТТСМ. 
SISULATING AN ACTIVE HOMING ٥0828006 CUBING SEARCH. 


THE PROGRAM IS BUM, IN 0.5 SEC STEPS. 


COMMON ISEEDZ, TTIME, TO, TA, TRATZ, RANGE, ALPA, LAMBC, TADEC, 
SEAS, ВАС, ТАС, CCCR, 52759, ENG, EN, PH2, мссив5, тс0085 

MIT, A3IM. IK, ÍDTIRE] ITIS2. XT, YT, XTAd, ITia, TOIST, 3ÓIST, 
TUERNTO, INIVÁL, PHI, BMAX(5,6),TBANGE, DIST, IPaty? 
CCHMON/DATA/LA,OPLOB 

китке 
IPTAG DAZ 

DIZENSION B8 (5, 5), VAR(5), DET(150,5), DETB(150,5) , STD (5) , 
АЗРЕС(150,5) ($t #8 (159, ү, 21955 150,5) , KON (1 9294 

REAL LAMEL, SCOURS, МХТ, МХМ, MDIST, LAMBDG 


SETTING OF CONSTANIS (ЭТЕР 1) 


CALL OVFLCH 


| 
ЕНІ -3.1416592654 | 
Ена =2.*P8I 
БАП -ЕН2/360. 
ISEED! 2362776 
| ISEED2 2961655 


CCOREC = SAX ERROR IN PARGZT COURSE ESTIMATE 
i 


CCOREC 215. 
CCOR =CCOBEC*RAD 


SS ee ee llo ee ee ss smp é s ہے ہے ہے ہے‎ 


CSPEED = ST DEY IN TARGET SPEED ESTIMATE 


A с 
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| IRUN =150 | 


(CCNTINGED ON EAGE 2) 
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à TOBPEDO SIMULATION. JAIN PROGRAM. 


12 
11 


SEI PRINT OUT MODE 


Ld e ae db dL LH 


| IPRINT =T | 


SS چ‎ лар جیوه‎ mas og جوف‎ age SS Se ee MÀ S eo 


SET LCEE OrF TOREELO CENTER SEARLNG 


— ہے۔۔ کے ےد‎ as ee m m mm os 


ee یو‎ ЕЕЕ جح ہس‎ ee ep a ee TE ст 


SET TSELESSTIC 2ЕБО (51329 2) 








+------------ + 
+ 09 + 
++ + + + ++ + + + 11 + 
+ + I=1,3 + 
+ pe ot eee ay 
+ 
+ 
+ +------------ + 
+ + DC + 
+ 4 + + ++ ++ + + 1 + 
+ us rds e s + 
+ کک جا‎ on + 
+ | 
+ | 
+ کے سے کے‎ A کے ووت چ ووت کے سے کے کے‎ s کے کے‎ - A шю сар nn a کے‎ 
+ | ENI DD =0. | 
ж eS et ec m ee کے سے ت و کے ا سے‎ ee «си 
+ | 
+ 
++++++++ССУТТНОЕ 
+ 
++++++++CONTINDE 
+++ - - کے‎ - - — ә 
+ DO + 
++++++++++ 13 + 
+ 1151,5 + 
+------------ + 
.---------- =+ 
+ DO + 
++ + # ++ ++ + 14 + 
+ I=1,IBUN + 
%-------------..- + 


— —— ee ec ee ee 2 s s ee «то 


۲٣۰۶۰ 3/07 >0 | 


cup GENE ЕР и eS Ee ee sah ma w “am hs sjsF m s imam meme a s sC s 


+ + + + + + + + + + + + + + + 
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TORPEDO SIMULATION. 
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СОМРОТЕ 
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| CE (1)77 (15. *8AD*CCOR/10.) * (CCOR 
7 


+ • 
+ C 
* 
| № 
| * 
| “~ 
| % 
| о 
СО | = ағар 
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A A ہے‎ A A A س سے سے چ س‎ O A کے وسوی‎ A A AA س 208 و ص‎ O a e AT 
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TORPEDO SIMULATION. 


228 


151 
230 


+ ++ +++ ++ ++ ++ +++ ++ ++ + +++ ++ ++ ++ +++ ++ +++ +++ ++ ++ ++ ++ +++ ++ ++ + + + + + + + + + + ہک ++ ++ 


. T . 
2 JRUN.GT.1 x 


MAIN PROGRAM. 


REAL IN SETTING (TORP AND TACTICAL) 


FIsST BUN ? (STEE 4) 


ж "x 


CALL 2ARAMEI 


***4RITE (6,228) CFLOB 
РСБМАТ 1011 ME MAIN LOSE OFF-SET PROM CENTER 


‘EEARI: е; 7235 DEFLECTION ANGLZ',/) 


| IDISI- 27/5: 

SDIST= =, . 
TURNTC = SAT IS 
INTVAL LH ہو‎ X (( 


| 


2 
TERIE/C. 3) +05) 


бок о = с аав ссе “mam A ee ee | 


INTVAL GIVES NUMBER ОР 11425ТЕР5 FOR ZACH TRANSMISSION 


i 
Ф ж | * * 
o ж IE ж LE 
7239131 ЕСО с 
CEN . * ` T | 160 | 
a -- 
1 
£ 
| 
| 
PRINT C? HEALING 
**%*WRITE (6, 220) 
20544711 1,//,1Х,48284 ,8Х,485Т ОҒ TARGZT',7X,'TORP 
кж p C C E STL TIGER CCORD RUNE Sl TOR 
۶ COURSE SPESD RANGE ٣۸۰۱ , ,رن‎ 0035 , 
Б OL, و وچ‎ ohn STOP O ох, айе) 
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198 


++ + + + + + + ++ + ++ + ++ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 


CALCULATE TORFELC START 


MAIN PROGRAM. 


POSITION (STEP 5) 


| 1TAB =1500C. | 
ҮТАН 515006. 
| СРА1 =БАМСЕ | 
ENG =TAC+EEAR 
| 
° * “< 
Ж ФЕ а. 
Жж EIG. +06 2 ж 
ж, 5 X— — —  — A کے تھ کے‎ O A ع‎ nn eu nn an 
зов о М Т | ENG=3NG-PH2 
ж, жж === = دہ ہہ ساس ہے‎ чи; чш шә a ee = 
| 
. % 
. * ТЕ ж, 
* 8546.11.60. ж 
ж „ 2 7277 ہچ‎ ees eee aes چک ہے کت س سے کے سے کے کے کے چک سے سے سے سے جھ‎ Р س — — — کے و سے کے‎ Б 
* a 20-ы T | BN=PH2+BNG 
ж 2, * е << се ج‎ — MEE — — — n те 
| — میت کم کک کے کد کے کے کد کے‎  — «и» سدسم سوھ کس‎ 
АТ = ۲438 +5306 2+0 آ86‎ | 
ҮТ =ҮТАН+ДАНСЕ#СО5{84С 
| 
o * =. 
к LSBSINI.SC. I = 
EA 4%,” T [152 | 
ж, 9 — — >» 
*=*qRITZ(6, Sa) JBUN 
ГОБМАТ (14, /,бХ, "ВОН AUMBZAZ 25-14) 


CALCULATE TORFRPECO DEPLESCTIGO ANGLES AND 212116 SITUATION 


CALL FIRING 
(CCNTINUZD ON PAGE 6) 
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SET DETECITONTASIES TO ZERO (STEP 6) 





$——————— ——— ےھ‎ * 
* DC + 
++ +4444+ + 10 + 
+ I=1,5 + 
om ome mann -i 
| 
| 
н = == جچ‎ 
+ DO + 
+ + + + + + + + + 9 + 
+ 421,0 * 
— a 


— «ЖЫР іу ee se ee ec ee ج‎ EO m m s x - m m ےہ ہس‎ як ә. --- ہے‎ 


| BYAX(I,J) =C. | 


ЕР camp oumue з «ат < ыс a сш: чш} опко ЕР > Gee A mm h ms pc aS 


1 
+++++++CCNIINUE 


++ + + + + + CONTINUE 


TEST TOBPEDOACUN COT (STEP 7) 


«**4aITE(6,211) 


c3 FCRMAT(1X,/,1X,'TARGZT OUTSIDE TORPEDO RANGE!) 


ZEBC TAELES 


de سے کے کک‎ ee اعت سے گت‎ mos <р 

+ DO £ 
ج‎ + + + + + + + + 28 + 

+ Ј=1,5 + 


фр -ж ya ee کے‎ e 


| 


ee SSS о‏ س چ کے ج O es ee es se eee see‏ کے O‏ ج س چ سے سے چ جه 


| LETR(JaUN,J) =0. | 


— «ы амы ы vp XP A c q Q m ma s Qm we A sc = 2 


+ + ++ ++ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 
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+ ү | 
+ oa 
+ 
+ <a «> a مسو‎ re ee ee ce س‎ ee se A eee чт کے ہے‎ - Á 
+ ASPEC ری‎ j =0. | 
+ С1058(2508,42) =0. | 
+ | LERB(JBUN,J) =O. : 
E c AD am AH НО amm uy کے کے‎ сев کے ص کہ کے‎ O O O A A ہے بے ہے سے سی ہہ‎ = s — = نے بے‎ 
% | 
+ 
23 ++++++++CCäTINDE 

+ 
я E 
+ | 959 | 
+ و چ‎ шз ہے‎ 
+ 
+ 
+ 
+ | 
+ | 

499 + - ж +. 
+ ж ІР ж , 
+ * ТЕБАС- ЕС. 1 * 
А * . И A 7 
+ * ۾‎ ы n | 990 "| 
+ ж. з ------- 
+ | 
+ F 
+ 
+ 
+ 
Y | 

500 + = + 
+ * MXT.GE.THANGS Ж 
+ к». 1 %----------------------------------- 
+ xc - * T | AUNCUT-1 
* т„ ж) laaa - = = 
+ | | 
+ Е | 
+ ы oe EE 
+ | 
+ 
+ | 
+ - Б е 
+ vum If * 
+ * RUNOUT.EG.1 & 
+ ж, AA س س مہ سد مہ سام مہ ساس‎ 
+ =. ss z 193930777] 
+ ж 7 ж MA ms o سے‎ 
+ 
+ | 
+ 
+ | 
+ 
+ 
+ 
+ 
+ CALCULATE WER POSITIONS 
+ 
+ 
CAIL 20515 
+ 
+ 
+ 
+ 
+ CHECK IT TARGET IS DETECTED 
+ 
+ 
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A TORPEDO SIB#ULATICH. SAIN ЕЗОСВАМ. 
+ 
+ | 
+ 
+ CAIL DETEET 
+ 
+ 
+ 
+ 
+ CHECK CPA(CLGSEST POINT OF APPROACH) (STEP 8) 
+ 
+ 
+ cb سه‎ о کک‎ wm aq “b Q ee se ee ee ee la O ee 
+ | IL  =11•1 | 
+ ume Ер оло ee ee ce ee at s m eS ee ee ہے‎ АҢЫ me cores DS tee) < ہے ےہ کے‎ 
У | 
% 
: | 
* . > * . 
+ Ж TT ے نا‎ 
+ ж IL.IE.20 ж 
+ : ي‎ 3------------------- 
+ а . ۴ Т { 500 | 
+ ж sr = 
+ 
+ | 
+ і 
vi | 
6 | 
+ —— Ñ — s ти 85 = eS me ee ee SS کہ ہے‎ ee es ee ee ee 
+ IDE =( 
+ | CPA =0157 
+ ———————————————————————————————————— 
* | 
* | 
+ | 
+ . 4 ж, 
+ . ж Е #1. 
+ ж CrAI-CCEAI.L.:.Q. и 
+ š اک ي‎ AA A A A کڈ‎ 
+ * 5 5 T | RUNOUT=1 
+ ж A ж ew ee ee لہ ہے نے‎  — س س س وھ‎ с сл = ч» 
M | 
i | | 
+ ce m m “ws сыр лыс کے‎ me ee eee ہے‎ mess 
* 
| 
* a ee ms ہے کے کے‎ em — = = = <= — = == == = = ہے‎ 
+ | СЕРА] =СЕА | 
> comb eub سد کے‎ Qam ce ss ra تد‎ “по e cet NE < — ہے کت‎ s = = = سے ہے کے ے‎ 0 
+ 
+ | 
+ o o س‎ 
+ | 500 | 
+ — — — 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ GENEBRATS STATISTICS (5122 9) 
+ 
+ 
+ CCSATINUE 
* 
* +-—>---—-—--+ 
+ + DO + 
++ + ++ ++ ++ + 910 + 
+ + IXL=1,S + 
+ хх == + 
+ | i 
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KON( ) = 


ж 
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. five 


ж 
МАХ 
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DET( ) = 


DETE{ = 


ASPEC J} 


y 


CLCS3( ) 


DEBE( ) = 


+ ++ + + ?+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + »+ ھچ + + + + + + + 3 + + 18 9 + + + + + + ++ 
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t 
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ETECIICN/NO DETECTION 


| 


x ж 


ТЕЛ ER 
IKl,1).6T.1. * 


- * T | KON (JRUN,LKL) =1 


x ж о s = > ЕР <-> <-> ЕР A a 


станар “mar un u иу" “g mash m oE ` ___ју چ ی س‎ “у С> с A Ш AO у __ и = ےچ کت .۰ ْ-۔-‎ = Í 


SEARING TO TARGET al DETECTION 
| 


amo cup unu eS ee ee ee h q тј  -___. ну си “ји _и _ ee‏ چ و چ 


| CeTa(JRON,IKL) =RMAX (IKL, 2) | 


TARGET ASPECT AT LZTECTION 


ASPEC(JRUN,IKL)-BAMAAX(IKL,S) 


BERING TO CLOSEST PART OF TARGET 


CLCSB (JRUN,IZL) =RMAX (IKL,4) 


ВЕТ ЕЕЗЫТАС 2908 MAIN TORE COURSE TO TARGET 
| 


EE e Se w “m es ‚шшш “m 0020 
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910 ++++++++CCNIINDE Ä 
+ 
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Ф ж ж ° 


u IE ж. 
Е ı ТРЬАС.ЕС.1 x 


. e В جه کے‎ —— F کہ جے‎ ча ——— шш Qe cA s 


* ‹ с” T | 991.1 


# * e e сс 
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PRINT CUT (STEF 10) 
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2CCURS/RaD | 
۲ 2 | 


ишш O A AO ms mima C “ШР O A omo M ee cm cts исто m 200 сш Se шш: «эь ee ہہ کے‎ e 25 
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3 
MO 


š+ TIRE 
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:5۲6و 1 ох ви‏ 300551 ےت 242 
FO 0 29,27‏ یا۔0 ہے بجروا تہ ғ‏ 53 


Ж کے کے ست 0 سک کہ س‎ Go. = = =a SE oo 


* . - E Mer 


ж x > oe a AA کے‎ 
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200 


Ss Wa IIE(6, 200) IT 


РСЕМАТ (1Х,'303 ЅТОЕРЕ 
1X,'RUN DATA AS POLLO 


| 
(CCNTINUED ON PAGE 11) 
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+ + + + + + ++ + + ++ ++ + ++ + + ++ + +++ ++ +++ ++ ++ ++ +++ +++ ++ +++ ++ ++ +++ +++ +++ ++ +++ ++ ++ 
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204 


206 


208 
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300 


SIMULATION. SAIN PROGRAM. 


+ 

- i 

+ 

+ ажжЧҢІТЕ(6,2602)511,0157 

+ 

+ PORMAT(1X,*TCTAL TORP SUN *,P9.1,/,1X,'DIST TO 
+ 

+ *** WRITE (6,204) XT, YT,XTAR,77AR,COUR,TC 

+ 

+ FORMAT ‘TORR X-COORD 112%, P9.1,4X,'TORP Y-C 
+ 1X,'T СЕТ ORD ',F9.1,4X.'TARGZT Y-COORD * 
+ 4.2855 ААТЫ a 1779.3 Ex FORD COURSE *, 
+ 

+ 

+ . * ж . 

+ . * IE ии 

+ ЕМО ОТЕЛ СЕС о ње 

+ ж 2 © Tem umb cuu ee ee ہے = = که وھ هه کد‎ 

ж ж, . * T | 991 | 

+ ж 4 * — — ——— — 

+ 

: : 

+ | 

+ | 

+ 

+ see WRITE (6, 206) 

+ 

+ ee eYRITE (6,208) (I, (BMAX (1,3) ,J=1,5) ,L=1,5) 

+ 

+ FOBHAT (11,7, 1X e НАТ 304 DETECTION RANGES AND 2 
+ 2 IX,'SUCCESSIUEZ',uX,' MAX DET',9X,'DET BEABIN 
+ CMA SEET', 11%, 6957 SARIS UF TARGET S. 
+ سا‎ 7 NCo',4X,"RANGE - CENTER" 4X, 

+ ‘CENTER’ ,SX,' RANGE - CLOSZST',4x%,'CLOSEST', 

+ 8X¥,* ASPECT’) 

+ 

+ СОЕЛАТ (1 10 71 9160.1, 71.28.2.,7X,£7 10. 1, 91, 

+ E Ef í ' 1 

E | 

+ о == о zu ср === 

+ | 900 | 

+ Ug» ЕЕЕ 55 <=> 

+ 

+ 

+ 

+ 

+ »жж45112 (6,220) 

+ 

+ 

+ 

+ 

+ ALL BON COMPLETED ? (STzEP 11) 

+ 

+ 

++++++++CCNTINUE 


CALCULATA SUMAGI SESJLI (STEP 12) 
| 
+------------ + 

+ DO + 
+ ++ + + + + + + + 2 * 
* ЖӨКЕ E + 
+ +------------ + 
+ 
+ 


| 
| 
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18,К8)) 
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+ 
Ka, رڈ ھی و وہر ہا‎ 
КЕ, а y ER) 
*ÀBS ۷ھ"‎ 
KR,4 وو‎ LB | 
K2,2) +DERB (L2,Ääs 


| 


MAIN PROGAAM. 


8 (Ke, 


-------+ 
RM 
Ë 
3 


% 
– کے کے کے‎ = ee ہے‎ E а we ew ee oe ew = === کہ س ت‎ 
2 
3 


| 
| 


1 
2 
3 
Ц 
5 


28 
ғ 
; 





KR, 


ھا کھت 


+ LR=1,IBUN 
--- 


+ DO 


Ra 
ЕМ 
AS 


+ + + + + ++ + + + + + + + + + + + + 


à TOBPEDO SIMULATION. 
722222222 


28 ++++++++ССЬТТЧОЕ 


+ 
27 ++++++++CCNTINUE 


un ge 


+ DO 


+ 


+ 


920 
+ KK=1,5 


++++++++++ 


| 


lie 


کس 
= 
ab EE ча АЕК ићи q s‏ 


DEL 


+ 


DEL 
DEL 
DEL 
DEL 





NSN 


مہ Am o‏ کے ج ج کس کے کے م کک کے س کے لمح а‏ 
/ 





+ 


f 
7 


| оно ид ид | 
| типп! 


ана: аңы «ж. саңы ы. сын SS ee oe “ЕҚ: четат» сащ са лыс сос لوت‎ ӘБ ت‎ ане 


“и 2‏ کے سے сох‏ کے Q a P ms‏ چے ھھھ ہے د چس سے ج ود ج A E o тт] GEM Qm “mt s m “wama s e‏ ےسج ہے جو 





БР (КЕ, 1) 


tun .--і.----..) رسس‎ | — 
| оде тип" | 


amb +‏ یی چ ہے جو < — capo umb‏ >= >= 
| 


EEL 


LO MALO t 


—— ———e | 


COSPUTING JEANS 


++ + + + + ++ + + + + + + + + + + + + + + + + + + + + + + + + + + + 


920 ++ + ++ + + + ССИТТЧОЕ 
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+ D + 
+++++++++ + 25 + 
+ + AK=1,5 + 
+ + =—— == کے س‎ + 
: | 
+ 
+ -e -2-0 -p-o -0 m рено ано ано ано са чар ЧАР арн A ÑO A ар АР тр ә баа m mm m m ہم‎ 
+ | VAR (KK) =Q. | 
d» HD A m s  — oe ee es جے-‎ s m UD a s - “m s A A | 
+ 
: | 
+ += --------- 
+ + + 
+ ++ ++ ++ ++ + 179 + 
+ + I=1,IBUN + 
ж +--------- --- 
+ | 
А 5 
+ | 
+ е ж ж е 
+ . * If * 
+ х RCN(I,&k) .EC.0 Е 
+ 2 2 ---------- ----------------- -- 
+ ж .چ×‎ 2 ж T | 170 | 
+ ж, ж ------- 
+ 
+ l 
+ 
+ 
| | 
4 m o وت وت چ ص سے سو‎ s وک سے‎ ee ms cuum ee se e سی ہے کہ کے‎ = = = 
+ | ТАВ (КК) =728 (КК) + ( (ГЕТ (1, КК) -ВМ (КК, 2)) | 
+ | +#2) | 
+ PRESS 
М | 
170 ++ + + + ++ +»ССУТТНОЕ 


+ 
25 ++ + ++ + + +СОМТТУОЕ 


ср س کے و‎ e m. > s. s ا‎ 


+ DO + 
++ + + + + + + + + 26 + 
+ Ка. + 
+ +------------ + 
+ 
+ 
Ww РР лана ود‎ что  — БШО әлә — — s < ہے۔ کے ی‎  — —  —  — — ee se ہے‎ 
- | CZL =84(KR, 1) | 
+ «=» ےد س چ چ کے و‎ u ee ee i ED کے سے‎ o: سے کے‎ eS 1 ۰ 
+ | 
f | 
И | 
+ . * ж, 
+ * 12 .. 
* x D EL ° Er т 2 a № 
+ : . Ж----------------------------------- 
- .. 2% T | Барка. 
+ ж, ж ------------------------- 
+ 
| | 
+ |------------------------ = 
* | 
9 | 
+ -> جو و ہے‎ [==> — nn ہے‎ 
+ | STD(KR) 25Cat МЕН ТЕГІНЕ | 
+ | BMY (KR,1) =F (KR, 1) / FLOAT (TRON | 
+ — — —— — - s m «ср A گے‎ A A A  — — — T کہ کہ کہ — — نک کک کس‎ 
+ 
+ 


| 
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Т7 


199 


190 


234 


236 
492 


++ ++ + + + +ССКТТУЦЕ 


ERINT SUMMARY (SIEF 13) 


***WBRITZ(6,1€7) jBUMN 


A A/A SU dial OF RESULT ЗРТЕВ! „Зе, 14,2Х ,'2055') 


ажж4ҢІТЕ(6,199) ((8М(1,Ј) ,Ј=1, июн 3),3=3,5) ,1=1,5) 


PCEMAT (103,  EBCEABILITY OF DETECTION ВХ, 

‘AVERAGE’, OX, "STD DEVIATION', 7x, verlos „77 "AVERAGE", 
7X,' AVERAGE! ,/,01I, 

'CET RANGE’ ,OX,' DET RANGE',7%,'TARGET ASPECT! ,2X,'DZT zEABING!, 
۰۱۰۰۰۶۰۳ ٦ oer 

1X2 "ONE SUCCESSIVE DETECTION! SX, 76.4, 5168, 89,3) , Z, 
1iX,'TWO StCCESSIYE DETICIIONS!,uX,06.0,59 (65,729.23) ار‎ 
1k) 'THREE SUCCESSIVE DETZCTIONS' , 2X, 76.4 5151,29.47,/, 
1X, FOUR SÜCCZSSIVZ DETECTIOUNS',3X,26.20,5(6X,29.4) ,7, 
IX, FIVE $0OCCESSIVE DETZCTIONS!',3X,F6.0,5 (6X,P9.0) ,/) 
FOSMAT(1X,'NC DETECTION MADE DURING THIS RUN‘) 


mb a چو سے‎ pe чието < mb ce <a < m s ee ee чс ШЕ лэш» اھ سے سے‎ ss 


6222 =142/F1C0AT (IRUN) | 


«ашо чы чы <= سح ج د چ کے‎ ss O ee ee ee 


*** WRITE (6, 150)LA2 


FOBMAT(1X,/,12%,"AVERAGE DEFLECTION ANGLE :',5%,F8.3,/) 


***8RITE(6,23u) 


1X,/,1X,"DISTRIZUTION OP RUN RESULT NTER OF TARG2T',/, 
6X,'ONE SOCCESSIVE DETECTION’, 10X, 'TWO san DETECTIONS!, 
8X, "THREE SUCCESSIVE DETECTIONS! ,/ 
2X¢'BEAR®,2%,'RANGS ASPECT EZAR CLOS',6X,'EZAR*,21, 
"RANGE ASPECT SEAR CLCS',5%,*BEAR', 2X, 
'BANGE  ASEECTI 3EAR CLCS') 
ажжыНІТЕ(6,236) ((DETB(I,1),DET(I,1) , ASPEC (I, 1) ,CLOSB (I, 1) 
0:12 5) Szidi 2) SPEC 1E 41 CEOS 2 ‘bS estes 
DET (1,3) ) 521 peasy CISL. SJ) - 11503) 
MS ML a le Е 251 5Х)) 
STOP 








A TOBPEDO SIMULATION. SUBROUTINE PARMET. PAGE 


i 
à TOBFELO SISOLATICN. SUBROUTINE PABMET, 


SUEBOUTINE FAiBAMET 
REACING IN DATA AND PARAMETERS 


1 


COMMON ISEED2, TTIME, TO, TA, TRATE, RANGE, ALPA, LAMSL, TADEC, 
PEARS URAGL STAC. CCOR, DEYSP, BHG7 EN, РН2, МССПЕ5$, ТСОйЗ5, 

MET, MXM, IX, EDTIME, ITIMZ, ХТ, ҮТ, XTAR, YTAR, DIST, 

4DIST, TUBNTO, INTVAL, PHI, ЯМАХ (5,6), TRANGZ, SIST,LESINT 

REAL LAMED, SCOURS, MIT, MXM, DIST, LANBDG 

INTEGER SUNCUT 


ТЕЦЕС = TECHNICAL DETECTION RANGE (STEP At) 
LEVEL CF УААТАТТСЯ: 375-750-1125-1500 METERS 


TALEC - TACTICAL DETECTION BANGE 


МШ» a coo m Q s mmm Q کے‎ s sm cuc ee ee с 


TOIPMTSCUODBANCETSSICA INTISRVAL 
| 


ШЕ» a- چ‎ b b < Qh < есіз «ШІ» کہ‎ enm ee ce “s See ee ee SS s СЕ тшш s Se 


| ТІШТЕа 2 ЯГЕГЕС/ 1300. Í 





ub o SE < p کہ‎ ee ee ee SEHE کتہ‎ UN m D cum 


ШЕНЕ РОВОВЕ ІН 55015, TO = TORP SPEED IN Ч/5ЕС (5ТЕР 342) 


TEVEL CT УЗЕТАТТОЧ: 24-32-50 KNOTS 
| 


| ces ug. | 
7007 57С51/2 | 


ТА ЕСЕТ SPEED IN 4/SzC (5Т7ЕР АЗ)‏ - ٣ئ‏ 00577۳2 ۶2۰۴۰۰۲۰۱۱۱۰۰۲۹ 2 ۳وی ۹٦ح‏ ۰۰۱۷ی 
5ھ 7ت 0 7 0 350 ٣‏ ے2 تب بت نت 


ee “me s == сш шш |‏ مس کے کے کے سے م کے سد کات مس کی س چ 


(CONTINUED ОЧ PAGE 2) 
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A TOBFEDO SIMULATION. SUBROUTINE PaARMET. 2462 2 


ТАСС — TABGET CCUBSE IN DEGREE (STEP AU) 


| ТАСС 2270 | 
| ТАС =TACG*RAD 


ہے = چھ ہے۔ — F s nn TER сыйр чш: -— ae Sea s s‏ و سے ےچ Ino CHEESE‏ وس و 


ALFAG - SWEEP ANGLE IN DEGREE, ALFA - SHEEP ANGLE IN 4401445 
(ӘТЕР 49) 


LEVEL CF VABIATICN: 20-30-40 DEGREES 
| 


ALFAG= 30. 
ALPA =ALFAG*ZAD 


Ёрл. ол ےد‎ mee SEIT: e »у и = и 


LAMBDG - LOBE WIDTE EACH SIDE OF TORP HEADING (STEP 46) 


LEVEL CS ЧАВГАТТЕН: 10-20-30 БОВЕ 
| 


A Ши cu Q <= Gmm Q s m se с‏ کے сс Qm ms “m e J‏ وسو چ کے چ 


BELERG = BELSTIVS SEARING F320% TARGET TO TORP Il DEGREE (STEP 47) 


ENEE. IVA RICA -نو9 دنم سن وق‎ ٦70-10070268 8 55 
| 


COND موہ‎ шы: эш әлі: le шс цыз сй о O A ہے‎ AM ңі чы чан mp sam сито зоо ср A сиз] қс A A: A A | (0 


| ВЕТОВО =-60. 
| EEAR =§ELEBG*RAD 


= Se ce ec mas ось ee ee جک‎ “e کی‎ ee سه‎ J “fF ج کے سے کے سے‎ ee مس‎ 


RANGE - DISTANCE ZETWEEN TARGET AND TORP (STEP AB) 


ТЕЛЕР ЕС NÀABRIAPTICN: 1500-2000-5000=-7000 SETERS 
| 


m Qam. Qs جھے۔ سے‎ “Q کن‎ mm s m mh کے‎ sma чинить کے‎ “mah کچ کے سے‎ “Qum mam سے‎ ee eee ы ۔ کے‎ 


| 5ANGE=3006. | 


сс» سو‎ 


(CCNTINGED ON FACE 3) 
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A TORFELO ЭТВОГАТТСУ. SGEROUTINE PARMET. 


TRANGE = МАХ ТОБЕ FUN IN XETERS 


L 
| TEANGE =18Ca0. 


(315 2419) 


ТоатЕ ТЕСЕ ТОБЬБАТ= IN БЕСАЕЗ БЕН 52С (5ТЕР 410) 


LEVEL OF VARIATICN: 3-6-93- 12-15-18-21 DZGRZZ/SZC 


ј у" ју _1х ју ee eee А Se ee К ВК‏ چ 


CALCULATE WICTH СЕ TACTICAL SHELPKLANE (THEORETICAL) 


cc cami TE u ee À arama u m u u ee u eee m ےے8٣‎ 


CALCULATE CCVERACZ RATIO (IZZORETICAL) 


ЕЕРЕЕ سے‎ O O ED GENED s m AO A = xm <s mm < <q “wm ہے‎ 


| СВАТТС 1. - (TRATE*TTINE/ (2. *LAMBD)) 


| 


ERDUTICPOSITUATICSOAT SDABT OF RUN (STEP 412) 


| 


3 # 
* 


: БІЗШЕ у И 
ж "Ir вті, FC.0 * 
* ж 


***REITZ (6,110) 

110 PCEMAT(13,//,1X,'TACTICAL SITUATION AHEN FIRING',SX, 
'TCRPEDO £ABAMETES!,/ : 
2X,!BRANGE ATTACK TARGET TAR ser! ШІЗЕ-ПЕП LOGE, 
3X,'SWEEE LCBE TORN S¥#EEP of: ish 
¥ ‘ANGLE CCURSE وڈ‎ Ft, (RANGE иа MOX 
(ANGLE SIDTE aàÀT3 LANZ',üX,'BATIO!) 

(CCNTINUED ON pics 4) 
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À ТОБРЕГО 


112 


90 
100 


102 


104 


106 


108 


109 


95 


SIMULATICN. SUEROUTINE PARMET. РАС? 


і 
***URITE (6, 112) RANGE, BELBRG, TACG,TAKN, TEDEC, TOKN,AL?AG, 
LABELG,TEATEG,SRNG ,CRATIO 
FOBRMAT(11,F6.0,2X,76. 1,32,75.1,3X,70. 1,6X1,76. 1, 3X, P5. 1,3X 
Pu. SL EIC, 205 25 1 252621; 36, 25.3] ' Í 
9S M 
***&EITE(6, 100) 
PCEMAT "TACTICAL SITUATION WHEN FIBRING',/, 1X, 
‘FIBRIN "Binge! TIT, АТТАСА ANGLE, JX, 
'TARGET CCURSE!,2Í,'TiaGET SPZIZD!) 
N 


***4RITZ(6,102) RANGE,aELBSG,TACG,TAK 
FCEMAT(1X,U (21,785. 1,7 X) , 7) 
*x*WBITE (6, СЦ) 


۶05۸۸۲ ТС, ТОБЕЕОС "РАЧАПЕТ285",/,11, 
TECH ZDA BANCE 22,1 TEANS.INT.VAL! 27, 'TO82 SPEED ,3X, 
'" SagEP. AdGLZ') 

ХЖЖИИТТЕС(Ә 109) TECSC, TTL UE, TOKN, ALT AG 


Bema tN, а цах ат 2 7хуга (Р6. 1,742), /) 
***WRBITE(6,1C8) LA48DG, TRAIZG 


FORMAT 13 'LOBE WIDTH 6X,' TUBN BATE',/, 
3X,F6.1,16XxX,E6.1 


***8WBRITE(60, . нс СЗАТІС 


P ONT. be Se Grae ee РОВ OE TACTICAL SdEcr-Laus', F9. 1, 
RETICAL COVIZRAGE RATIO! ,F9.4) 


RETURN 


1 


4 





А TORPEDO SIFOLATICN. SCERNOOUTINE FIRING. PAGE 


1 
А TORPELO SIMULATION. SUERCUTINE FIRING. 


SUEROUTINE FIRING 
CALCULATE THE TOEP DZFLECTION ANGLZ, MAIN COURSE, FIRING CCURSZ 


BASED ÓN ESTIMATE OF TARGET DATA (ONCERTAINTT) 


DIMENSION 0(2) 


CCMMON ISEZLZ, TTIME, TO, TA, TRATE, RANGE, ALFA,LAMBD,TALEC, 
BESE RAL TIC, CCR, DEVSP, ANG, EN, PH2, MCOURS, TCOUaS, 
CIT UN oe ےت ور‎ ITI, KT, YT, YTAR, YTAB, ТРІЗІ, 
MDISTj TUBNTG, INTVAL, РНЕ, 5MAX(5,6), TRANGE, DIST,IDSINT 


CCEMON/DATA/LA,OFLOS 


CCOEMON/TARGET/TACNG,TAN1,2NGMOD,DA1,COUR,CZ(10) ,8ء (15) 52ء‎ 
IFIAG,DAZ 


REAL LAMEL, 4CCU3S, ЯХТ, МХМ, ADIST, LAABDG 
INTEGER 80NCUT 


С За сети чете.” ip Qe سس ت کک‎ E) سے‎ ee SS A A l M M l M M d T åM ål ہے‎ 


| EN =-1 
ЕР =). 
КЗРЕРО =HCC{(JRUN—1) ,15) +1 

| KCOORS =IFIX((JRUN—1)/15.) +1 | 


ا مک + = s‏ سے سے < کے se чат»‏ کے سے -6 سے کے کے کے چ ھج کہ بب A E A‏ کے کے سے وس > 


. CAIL GGUE(ISEZED2,2 ,U) 


CALCULATES ESTINBATS OPE TRRGETICOURSR (STEP 31) 


qe ہک سے‎ UA AR = Qm qm s Q сщ» ee s mp <s s Ñ mb s“ “mam “ss s ee ee спо с کس‎ 


19 | TACA =TAC+CZ (KCOURS) | 


s m ss é mm s Í m m O ____---___-_|-н‏ کے m Q AO A A A wm‏ کے کے وور A‏ کہ وا 


20 | 170-146 8 ٤0 | 


бг ер سے کہ وھے ی ویچ‎ eee ee << emm ј 1] سے‎ s ј" eS ا ہے ہے‎ 


| 
(CONTINGED ON riez 2} 
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A TOBFELO SIMULATION. SCHROUTINE FIRING. | РАС2 2 





Ж * 


* 12 ж. 
+ ТАСМ.СЕ. 282 > 
"ди . ж 7 | TACM-TACA-PH2 
ж , ж — کے کج کس کے‎ ED we DE ee ee ee ee == == <= 
| м” gl 
o ж ж » 
. * ТЕ .. 
ж ТАС. 11.0. « 
ж св — —— — — --- - «> — s کے کہ‎ w ہہ‎ чыз کے کس س‎ аы» чь сыр чыз ча» سے س‎ o کہ چے‎ 


кү فی‎ 7 | ТАСИМЕРЕ2 + ТАСМ 
] | 
Е | 


CALCULATE БЪГ ПЕН ГАКОБЕ ТО ВРЕОТ ЦЪТЪР Ва) 
| 


cuis “mü Ga se > ee ee с 2) 


| ТАЙ =TASE (XSPEED) | 


O کت و‎ F o a l r= am m کچ‎ -— Qs ee ce O A «шы» AO A xm cms “amam O < а 


CALCULAIE TOREECE CEPLECTICN ANGLE (STE? 83) 


we ep i стр «о <= сы “s mmm s =‏ کے س s o <a «туи»‏ کک کت culo cub cub u wm‏ می سے وھ 


АЕР <-ЕРаЗз-(ТЕСО | 


TE щш» сш» сї] s Qs “ss qes es m < сщш; eee “wap s m s t s Ás “mam eee a | 


“ЕНІ + 
a 222222 252------------“---.------ 


ж. «s T | ASPSPH2*ASP 


c cu с» O A A UA A <-> <-> <-> <> <> <> <> A y A A A A aD aD aD 


ra|= 9‏ — ہے سے 


ЖЕ ommo чао سے‎ ao тј “у xp __- у тј سے‎ тј چ چ کے جو ص چ سے‎ “ “ у ___« i cw 5 200 


(ҚҰР m ج‎ лы» сол» ЕФ جک جو کے کک‎ m m ج ج‎ s sü J س‎ s aa q m m w Q ee ee с 


(CCNTINUZD CN РАСЕ 3) 
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A TORPEDO SIMULATION. SCERCUTINE FIRING. PAGE 3 


uc 
ач 


| LA =ABSIN (CAA) | 
| СА =SIGA (LA,ASEF) | 


тс» ашыл eee s Ee کے کے کے وو‎ “Em =€ ec ес; = а «ВУИ ہے کے‎ > = 





сш» = b “mk s Qm s W m s = чар «ло s f t s q s s a s sU‏ جکہ 


CALCULATE TCEEEDC MAIN FIRING COURSE (5ТЕР 84) 
| 


> a AR - ee ee ee ee о са ae pg = - 


| ECOU3S =RNG+FHI+DA | 


cB SED iR a ee ce ee ee ce ee A A A sss s cum 


10 s پت‎ + 
ж 


. * IF ° 
и 4COUBRS.GT1.PH2 e 


ж جح‎ ee GRÉ <a ол» m s av 


* . m Ж E | 4COURS=ACODAS-PH2 


ж e TED ہے‎ css mms Sp oa [ms W сс сз эш + ы E mp a. me < Se сщ 
1 | 
| 
| 
ж 


aD as E E GE WEEDS A AA MO E A E E < 1С. 


ж 


"RS cM LIA клу 
* ' SCCUBS.L1.0. * 
um m = ° 7 | 4COURS-PH2*MCCURS 


| | 
Ё | 
| 


чыз mdp cup TE Sp Glee کے کے‎ Em SD سے ھے‎ E E ee чч = 


ж * 


عو نے راک دع 
MCOUBS.GI.PH2 ` *‏ ° * 


а . * T | 10 | 
ж ж аа «ар «чия» чао) чат 


1 
Е 
(CCNTINUED ON de. 4) 
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A TORPEDO SIMULATION. SCERCUTINE FIRING. PAGE B 


CALCULATE TOBEEDC PRESENT, FIRING COURSE (STEP? 85) 
| 


| LIFALP 4ھ ۶ئ0۰‎ | 
| ІС0085 -HCCUBS*DIPALE | 


EE کے‎ ee کت‎ > ED e a eS oe > PS AP a Ke ee чай ج‎ ee AAA سے کت کٹ‎ AA umm 


| 








ж ж 
20% IF =, 
٭‎ ICOURS.G1.282 ” * 
xcd Ж... ` 7 | ТСОПВ5-ТСО0Е5-РН2 
{ | 
| 
| COE AE Es TE ee ee s sss 
„иж. 
. * IE * , 
* — TCOURS.LI.0. * 
ти ЧЫ р T | TCOURS=PE2+TCOURS 
| | 
E | 
| 
| 
* ж, 
m ТЕ x, 
نے ےرم‎ СЕ CS * 
* < а Ж > کے‎ s s جے جے جے چے کک‎ Ten -=> 
* . . * T | EN=-PN 
ж . % en 


CALCULATE ESTIMATE OF TARGET RAGE (STEP B6) 


ж a 


= к. ЖИЫ Н 
* СО) СЕЕ СБ > 
ж Y asas صصح‎ aru cum cum mum ешр cam чыз о کک کے کے‎ O MGR کے کے‎ што کے چ سے سے سے سے کے ہہ دک کڈ کے ہے چ‎ 


ж. چ‎ T [| ЕР--ЕР 


ж x E A wee SP cep «КЕШ» ee s Í — ee — m ہے‎ 


am < < Se aqu mü Q < ee os ee ce co a r ie ee ee وے‎ > s= — ے‎ 


| RNGDIP =(1.-U(2)) *RANGE*O. 15 | 


-p m ü f Qm. чыра жм» --- لے‎ то ER mn ce ee ee se s = > 


(CCNTINUÜED ON РАСЕ 5) 


141 









à TOBPELO SIMULATICH. SUEEOUTINZ FIRING. PAGZ 


| 
E 1506 0 2 2( 


с D‏ تہ f - UW лә‏ س جه < a “ d‏ چ «Шы сар hq ЕР <> ee pe ee‏ سے 


TACMG=TACM/HAD | 
TAN 1 =TAM¥*zZz { 
CA1 ٭‎ (3/1 ۰ 

ГА2 -Г22%ГА1 


> s“ «ар «тр «чар чо s.s > e еер «ӘБ сыр ”جک‎ ee ee ee ee cu оны ee ee ee A چے‎ 


FRINT CUT OF FIRING DATA 


+ NE т 
é „ * m 5ی‎ | 


1,23G40D 


ТАН 
Тагор Оаза "OR FIRING, 
ЕЕ 


122 ?ОБМ I 
24,55, 2АЯ62",/, 


( 
124 РСЕМАТ 


за #НВТТЕ (5, 125) COOR 


125 ECRMAU(IX,'TOHPEDOSRMZUTAN COURSE" ЗХ Ес. 2) 
126 CCNÍINUE 
| 2= | 
26 &* TE (oso) 
30 "×0 ۶٢ 2۰505۶۳۰7۲۶ ۲8۰5" ت50‎ ГО LOW 082700 52222”) 
{ IFLAG=1 | 
| 
25 RETURN 
БУГ 
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А ТОБРЕрО SIMULATION. SUEROUTINE FOSIS. РАС? 1 


i 
А TCBEEDO SIBMULATICN. SUSROUTINE POSIS. 


JOEROUTIWE 20515 
15 CALCOLATING NEW POSITIONS OF TARGET AND TORPEDO IN 


ZACH TINE STEE 


02 ТТІИС, 70, ТА, ТЕАЛТЕ. GANGS, ALFÁ, LAMEL, TADEC, 
SEAL, TIC, CCC, bases BAG, 54, PH2, 4С0005, ТСОШЕ5, 
Site a IR, IETI IR ADIL т т Тїз, YTAR, TDIST, 
MEIST, TOBNTE, INTVAL, PHI, 2Ma£(5,0), TRANGE, DIST, IP5INT 
REAL LAMEL, MCCURS, 4XT, MXM, MDIST, LAMBDS 


INTZGER 805001 


TISE СЕШИ Пи (ЗТЕРЦС 1) 
| 


se ee ee ee ee e < Á چ وه کے‎ s Q تھ چ ہے کس‎ > 


| IK =IK+1 { 
| TITPAETIITMRSTDTIMS | 


Qm umb mm Qe ce ee ce i ee a ei >‏ >< سے کے چ 


CALCULATE TOTAL ICaP RIN AND TARGET RON {STEP C2) 


| УХТ =BIT+TLIST | 
| XM =MXM+MDIST 


OB cR e s e see шшш; Nn ee < m wm usis a j ee ce ee DP m s xm em کے‎ 


CALCULATE NES EOSITIONS (STEP C3) 





XT =1T+SIN TCOUSS) *TDIST | 
IT IITCCS(TCQOURS)T*TDIST 
XIAB -11AÀna*5 5 (246 SDI SE 

| (ТАҢ =YTÀ3+*CCS (TACI *HBDISTD } 


ee ee) ee ee mas ec m ss arí s Q s <‏ .چ 


CALCULATE NEq ТОБЕ COURSE (STEP C4) 
| 


сирем» «ә о Б ЧИЮ ЧН ИЮ ЧИЮ ЧА کے صد‎ m vü “aa کے جہ- خد سے کے‎ O ee > О Ра 


IOTXCOUH =TCCUASESIÍS SM IESU) e EN) | 
ІГТІСПІЕ -А22(3С0ПаА5- ІДЕӘ 


— S: а s Qs ИЕ کے‎ p  - r e O <A O A E E A A e ЧӘР E ЧӘР A чат» <a <b <a 


| 
| 
(CCNTINUED ON РАСЕ 2) 
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A TOBFELO SIMULATION. 


* 
+3 
b< 
O 
а 
H 
rit 
6 
نم‎ 
tu 
T 
ч 


ж 


xi 


. TE ° = 
2 TXCOIF.LE.ALFA E 


SUEROUTINE FOSIS. PAGE 


ж 


н н зь К о н Дь Коза а зь К ъъ s ہے مہ‎ 


ы Т | TXCDIP- PH2- TXCDIP 


ب چسھےہ sam; тыз осо лық‏ س کھج و و کے ی چ A REED enum «m‏ 


ж 


ж 


cA ж эй Se Se ms وھ‎ ст шы ee ee l. LT Gp m =s ss J eee = чш 


EN 
aL? ADI =TXYCDIF-ALFA 


| 


| TXCOUR =TXCCUR+2.*SIGI(ALZADI,PN) 


<a чар m ee ee ee ee چ چ‎ w “s аян» ссп) ھھھ‎ эшш =ч: s= 


=TxXCCUR | 


m. ee چ‎ ee eee ee Se ee eS жє шю 


15 | 1CCUBS 


ж 


ж 


.* ТЕ ж 
* ZEOBRS.GT.EH2 я 


Of —— ee ee و ہت کے جک‎ e cum M کے‎ oum ہے ہے‎ —= <= w =. s s y эшн зы 


SE Т | TCOUBSZTCOUPS-PE2 


x u a SS ee ea SS eee Se نب‎ чи 


% 


Ша ТЕ . 
СЕЗІ. ж 


а 


25 32 8 


— w ines 
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A TOBFEDO SIEULATICN. SUEZOUTINE DETECT. 
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CELCUDATE TRANSSISSION GAIN FACTOR (STEP D8) 


C ыр Qw i AA ee ee ee sa --- 
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